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1
SOLAR CELL MODULLE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s the U.S. National Phase of PCT/

JP2007/068201 filed Sep. 19, 2007, which claims priority to
Japanese Patent Application No. 2006-2635871 filed Sep. 28,
2006, the entire contents of each of which are incorporated
herein by reference.

TECHNICAL FIELD

The present mvention relates to a solar cell module in
which a plurality of solar cells are arranged between a front
surface protection member and a back surface protection
member and 1n which connection electrodes of the plurality
of solar cells are electrically connected to each other by
wiring member.

BACKGROUND ART

Conventionally, mn a HIT solar cell module, bus bar
clectrodes 20 of a plurality of solar cells are electrically
connected to each other by wiring members 40 made of a
conductive material such as copper foil, as shown i FIG. 1.
The plurality of solar cells are sealed 1n a translucent sealing
member made of EVA or the like between a translucent front
surface protection member and a back surface protection
member. The front surface protection member 1s made of
glass, translucent plastic or the like. The back surface
protection member 1s a film of polyethylene terephthalate
(PET) or the like.

In manufacturing the solar cells, bus bar electrodes 20 and
finger electrodes 30 are formed on surfaces of each photo-
clectric conversion body 10 by use of a conductive paste.
Then, 1n general, wiring members 40 are solder-bonded on
the bus bar electrodes 20 to connect the solar cells in series
(see, Tor example, Japanese Patent Publication No. 2003-
217148).

How to perform the soldering will be described with
reference to FIG. 2. FIG. 2 1s a cross-sectional view taken
along the line A-A of FIG. 1.

Each wiring member 40 1s made of a metal material, such
as copper foil, completely coated with a solder plating 90 1n
advance. When the wiring member 40 1s soldered to the bus
bar electrode 20 made of a silver paste, tlux 1s applied to any
of a surface of the bus bar electrode 20 and a surface, which
taces a solar cell, of the wiring member 40. Then, the wiring
member 40 1s provided on the surface of the bus bar
clectrode 20, and heated. In this heating, the wiring member
40 1s soldered to be fixed to the bus bar electrode 20 by
alloying a solder portion of the wiring member 40 and the
silver paste to form an alloy layer 50 while removing an
oxide layer on the surface of the bus bar electrode 20 by
using the flux.

DISCLOSURE OF THE INVENTION

The conventional technique described above, however,
has a problem that energy output of the solar cell module 1s
reduced through a temperature cycle test (JIS C8917), which
1s a reliability test. One reason for this reduction 1n output is
an 1ncrease 1 contact resistance due to the destruction of the
conductive paste portion such as destruction of the conduc-
tive paste (bus bar electrode), peeling at an interface
between the conductive paste and the photoelectric conver-
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sion body, and peeling at an interface between the conduc-
tive paste and the alloy layer.

Presumably, this phenomenon 1s caused by the following
factors. In the solar cell module with a conventional struc-
ture shown 1n FIG. 2, the thermal expansion coeflicient of
the wiring member is approximately 1.7x107°/° C. (Cu),
whereas the thermal expansion coeflicient of the photoelec-
tric conversion body is approximately 3.6x107°/° C. (S1). To
put 1t differently, these thermal expansion coethlicients differ
by a factor of approximately 5. Thus, when the solar cell
module 1s subjected to temperature cycles, the conductive
paste located between the wiring members and the photo-
clectric conversion bodies 1s subjected to stress. Further,
continuous temperature cycles result 1n accumulation of
damage 1n the conductive paste portions. This 1s considered
to destruct the conductive paste portions, which leads to the
increase 1n contact resistance. Such destruction of the con-
ductive paste due to stress may be caused by an increased
proportion ol metal particles i the conductive paste. Spe-
cifically, suppose that the proportion of the metal particles 1s
made larger to reduce the electrical resistance of the con-
ductive paste as much as possible. This condition weakens
adhesion between the metal particles, adhesion between the
conductive paste and the alloy portion, and adhesion
between the conductive paste and the photoelectric conver-
sion body. Such a problem may occur not only 1n the solar
cell module with a HIT structure, but also 1n the case where
the difference 1s large between the thermal expansion coet-
ficient of a base material of the photoelectric conversion
body and the thermal expansion coetlicient of a core material
of the wiring member.

Therefore, 1n view of the above-described problem, an
object of the present mvention 1s to provide a solar cell
module having a less reduced module output and an
improved reliability.

An aspect of the present invention 1s a solar cell module
in which a plurality of solar cells are arranged between a
front surface protection member and a back surface protec-
tion member and 1n which connection electrodes of the
plurality of solar cells are electrically connected to each
other by a wiring member. The solar cell module includes an
adhesive layer made of a resin containing a plurality of
conductive particles and provided between each of the
connection electrodes and the wiring member. Each of the
connection electrodes and the wiring member are electri-
cally connected by the plurality of conductive particles, and
the resin covers a side surface of each of the connection
clectrodes and configured to bond the wiring member with
a surface of the corresponding solar cell.

In the solar cell module according to the aspect of the
present invention, it 1s possible to suppress output reduction
of the module and thus to improve reliability thereof, since
the resin having a highly flexibility bonds not only the
connection electrodes and the wiring member but also the
solar cells and the wiring member.

In the solar cell module according to the aspect of the
present invention, each of the connection electrodes may be
a bus bar electrode, and the adhesive layer may be provided
between the wiring member and a connecting portion of a
finger electrode where the finger electrode 1s connected to
the bus bar electrode.

In the solar cell module, 1t 1s possible to bond the finger
clectrodes and the wiring members, and thus to further
improve adhesion.

In the above-described solar cell module, the finger elec-
trode and the wiring member may be electrically connected
by the plurality of conductive particles.
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In the solar cell module, 1t 1s possible to establish elec-
trical connection to the wiring member by the finger elec-
trode, even 1f the connection between the bus bar electrode
and the finger electrode 1s disconnected.

In the solar cell module according to the aspect of the
present mvention, the plurality of conductive particles may
be included at a volume fraction of 3 to 20% 1n the resin
arranged on the side surface of the connection electrode.

In the solar cell module, it 1s possible to reduce internal
stress 1n a region adjacent to the side surface.

In the solar cell module according to the aspect of the
present invention, a surface of the connection electrode may
have uneven shape, and projected portions may be 1n contact
with the wiring member.

In the solar cell module, 1t 1s possible to preferably
improve the electrical connection between the connection
clectrode and the wiring member, since a portion of the
connection electrode 1s 1n contact with the wiring member.

In the solar cell module according to the aspect of the
present invention, the resin included 1n the adhesive layer
may be a same resin as a resin material used in the
connection electrode.

In the solar cell module, 1t 1s possible to achieve a good

bonding compatibility between the connection electrode and
the adhesive layer, thus to further strengthen adhesion.

According to the present invention, 1t 1s possible to
provide a solar cell module having a less reduced module
output and an 1improved reliability.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a cross-sectional view of conventional solar
cells.

FIG. 2 1s an enlarged cross-sectional view of the conven-
tional solar cell.

FIG. 3 1s a cross-sectional view of a solar cell according
to a present embodiment.

FIG. 4 1s a top view of the solar cell according to this
embodiment.

FIG. 5 1s an enlarged cross-sectional view of the solar cell
according to this embodiment (No. 1).

FIG. 6 1s an enlarged cross-sectional view of the solar cell
according to this embodiment (No. 2).

FIG. 7 1s an enlarged cross-sectional view of the solar cell
according to this embodiment (No. 3).

FIG. 8 1s an enlarged cross-sectional view of the solar cell
according to this embodiment (No. 4).

FI1G. 9 1s an enlarged cross-sectional view of the solar cell
according to this embodiment (No. 3).

FI1G. 10 1s a cross-sectional view illustrating a method for
producing a solar cell module according to Example 1 (INo.
1).

FIG. 11 1s a cross-sectional view 1illustrating the method
for producing a solar cell module according to Example 1
(No. 2).

FIG. 12 1s a cross-sectional view illustrating the method
for producing a solar cell module according to Example 1
(No. 3).

FIG. 13 1s a cross-sectional view illustrating the method
for producing a solar cell module according to Example 1
(No. 4).

FI1G. 14 1s an enlarged cross-sectional view of a solar cell
according to Comparative Example 1.

FI1G. 135 15 a cross-sectional view illustrating a method for
producing a solar cell module according to Comparative
Example 1.
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FIG. 16 1s a top view of a solar cell according to Example
1.

FIG. 17 1s an enlarged cross-sectional view of a solar cell
according to Comparative Examples 1 and 2 after a tem-
perature cycle test.

FIG. 18 1s a top view of the solar cell according to

Comparative Examples 1 and 2 after a temperature cycle
test.

FIG. 19 1s a graph showing experiment results of solar
cells according to Example 1 among which kinds of con-
ductive particles and densities thereof are varied.

BEST MODES FOR CARRYING OU'T THE
INVENTION

Hereinatter, embodiments of the present invention will be
described with reference to the drawings. In the following
description on the drawings, 1dentical or similar components
are denoted by identical or similar reference symbols. It
should be noted, however, that the drawings are schematic,
and that the dimensional proportions and the like are dii-
terent from their actual values. Accordingly, specific dimen-
sions and the like should be inferred on the basis of the
description given below. Moreover, dimensional relation-
ships and dimensional proportions may be different from
one drawing to another in some parts.

(Solar Cell Module)

As an example of a solar cell according to the present
embodiment, a solar cell with a HIT structure will be
described below. FIG. 3 1s a cross-sectional view of the solar
cell according to this embodiment. FIG. 4 1s a top view of
the solar cell according to this embodiment.

As shown 1n FIG. 3, 1n the solar cell according to this
embodiment, a p type amorphous silicon layer 105 1s formed
on the top surface side of an n type single crystal silicon
substrate 104 with an 1 type amorphous silicon layer 10c¢
interposed therebetween. In addition, an ITO film 10a 1s
formed on the p type amorphous silicon layer 105. On the
other hand, an n type amorphous silicon layer 10f1s formed
on the bottom surface side of the n type single crystal silicon
substrate 104 with an 1 type amorphous silicon layer 10e
interposed therebetween. Further, an ITO film 10g 1s formed
on the n type amorphous silicon layer 10/. On the ITO films
10a and 10g, collecting electrodes each formed of bus bar
clectrodes 20 and finger electrodes 30 are formed as shown
in FIG. 3 and FIG. 4. Each collecting electrode 1s formed of
a thermosetting conductive paste containing an €poxy resin
as a binder and silver particles as a filler. In this way, the
solar cell includes a photoelectric conversion body 10 and
the collecting electrodes which are formed on the photo-
clectric conversion body 10, and each of which 1s formed of
the bus bar electrodes 20 and the finger electrodes 30.

Meanwhile, 1n a solar cell module according to this
embodiment, the bus bar electrodes 20 of the plurality of
solar cells are electrically connected to each other by wiring
members made of conductive members such as copper foil.
The plurality of solar cells electrically connected to each
other are sealed 1n a translucent sealing member made of
EVA or the like between a translucent front surface protec-
tion member and a back surface protection member. The
front surface protection member 1s made of glass, translu-
cent plastic, or the like. The back surface protection member
1s a {ilm of PET or the like.

Next, bonding of the bus bar electrodes 20 and the wiring
members 40 1n the solar cell module according to this
embodiment will be described 1n detail.
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The solar cell module according to this embodiment
includes an adhesive layer formed of a resin 60 containing
a plurality of conductive particles 70 between the bus bar
clectrode 20 and the wiring member 40, as shown 1n FIG. 5.
The bus bar electrode 20 and the wiring member 40 are
clectrically connected by the conductive particles 70. Mean-
while, the resin 60 covers the side surface of the bus bar
clectrode 20, and bonds the wiring member 40 with a surface
of the photoelectric conversion body 10. Note that the wiring
member 40 1s made of a metal material, such as copper foil,
completely plated with tin.

The resin 60 1s, for example, a thermosetting epoxy resin.
The conductive particles 70 are for example nickel. In FIG.
5, a row of the nickel particles are interposed between the
bus bar electrode 20 and the wiring member 40. The bus bar
clectrode 20 and the wiring member 40 are electrically
connected by the row of the nickel particles. Note that, 1n
FIG. 5, the row of the nickel particles electrically connect
the bus bar electrode 20 to the wiring member 40; however,
continuously formed a plurality of rows of the nickel par-
ticles may electrically connect the bus bar electrode 20 to the
wiring member 40.

As the conductive particles 70, at least one kind of
clectro-conductive metal particles selected from the group
consisting of copper, silver, aluminum, nickel, tin, gold, and
the like; alloy particles thereof, mixed metal particles
thereof; or the like can be used. Alternatively, particles
obtained by coating at least one morganic oxide selected
from the group consisting of alumina, silica, titanium oxide,
glass, and the like, with a metal may be used. Particles
obtained by coating at least one selected from the group
consisting of an epoxy resin, an acrylic resin, a polyimide
resin, a phenol resin, a urethane resin, a silicone resin, and
the like; a copolymer thereof; a mixture thereof; or the like
with a metal may be used. In addition, schemes for enhanc-
ing electric conductivity can be applied for the shape of the
conductive particles 70: for example, mixing of tlake-shaped
particles and spherical particles; mixing of different sized
particles; and provision of uneven shape on the surfaces.

Meanwhile, it 1s preferable that the resin 60 for com-
pletely coating the bus bar electrode 20 be a material more
flexible than a material used for the wiring member 40 1n
order to reduce stress of the wiring member 40 due to
expansion and contraction in temperature cycle. Further, 1n
consideration of performing the bonding of the wiring
member 40 at the same time, a thermosetting resin material
1s preferably used as the resin 60. In addition, for keeping the
reliability, the resin 60 needs to have excellent moisture
resistance and thermal resistance. A resin that satisfies these
requirements and thus i1s usable herein is, for example: a
resin selected from the group consisting of an epoxy resin,
an acrylic resin, a polyimide resin, a phenol resin, a urethane
resin, a silicone resin, and the like; or a mixture thereof: a
copolymer thereotf; or the like.

Further, 1n consideration of bonding compatibility with
the bus bar electrode 20, the resin 60 1s preferably the same
resin as the resin material used for the bus bar electrode 20.
In addition, from the view point of being curable at a low
temperature and 1n a short period, an epoxy resin or an
acrylic resin 1s preferably used for manufacturing. The resin
60 also may be a film shaped, and capable of being welded
by heat.

As for the proportion of the resin 60 and the conductive
particles 70, the conductive particles 70 are preferably 70 wt
% or more relative to the resin 60, in consideration of
clectric conductivity. In addition, the conductive particles 70
are preferably included in the resin arranged on the side
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surface of the bus bar electrode 20 (the portion being
designated by X in FIG. 6) as shown 1n FIG. 6 at a volume
fraction of 3 to 20%. This volume fraction can be calculated
from an area percentage of the conductive particles 70 1n the
resin observed by cross-section SEM.

In the solar cell according to this embodiment, as shown
in FIG. 7, the adhesive layer may be provided between the
wiring member 40 and a connecting portion to the bus bar
clectrode 20 of the finger electrode 30 that 1s connected to
the bus bar electrode 20. Meanwhile, as shown in FIG. 8, the
finger electrode 30 and the wiring member 40 may be
clectrically connected by the conductive particles 70.

In the solar cell according to this embodiment, as shown
in FIG. 9, a surface of the bus bar electrode 20 may have
uneven shape, and the projected portions may be in contact
with the wiring member 40.

(Advantages and Effects)

In the solar cell module according to this embodiment, the
hlghly flexible resin 60 bonds the bus bar electrodes 20 and
the wiring members 40. In addition, the resin 60 also bonds
the photoelectric conversion bodies 10 and the ermg mem-
bers 40. Thus, stress caused due to difference 1n the linear
expansion coe_ﬁuents between the wiring member 40 and
the photoelectric conversion body 10 can be reduced by the
resin 60. For this reason, it 1s possible to suppress destruc-
tion of the conductive paste (bus bar electrode), peeling at
the interface between the conductive paste and the photo-
clectric conversion body, and peeling at the interface
between the conductive paste and the alloy layer. As a result,
it 1s possible to prevent the increase 1n contact resistance due
to the destruction of the conductive paste portion, and
thereby suppress the reduction in module output. Therefore,
the reliability of the solar cell module can be improved.

Meanwhile, in conventional techniques, since an extend-
ing direction of the bus bar electrode 20 and an extending
direction of the finger electrode 30 cross perpendicularly,
stress 1s applied to the intersection of the these electrodes.
Thus, when this intersection portion 1s destructed, contact
fallure between the bus bar electrode 20 and the finger
clectrode 30 occurs, thereby causing reduction 1 module
output. In this embodiment, the adhesive layer 1s provided
between the wiring member 40 and the connecting portion
to the bus bar electrode 20 of the finger electrode 30 that 1s
connected to the bus bar electrode 20. For this reason, the
finger electrode 30 and the wiring member 40 can be
bonded, thereby further improving the adhesion.

In addition, the finger electrode 30 and the wiring member
40 are electrically connected by the conductive particles 70.
Accordingly, even 1f the connection between the bus bar
clectrode 20 and the finger electrode 30 1s disconnected,
clectrical connection to the wiring member 40 can be
established through the finger electrode 30.

In addition, 1n a resin region disposed on the side wall of
the bus bar electrode 20, residual internal stress exists due to
contraction of the resin in curing. This stress 1s likely to
cause peeling at the interface between the wiring member 40
and the resin 60. In this embodiment, the conductive par-
ticles 70 are included 1n the resin disposed on the side
surtaces of the bus bar electrode 20 at a volume fraction of
3 to 20%. For this reason, in the regions adjacent to the side
surfaces, the internal stress in the resin can be reduced. In
other words, the conductive particles 70 interrupts bonding
between molecules of the resin 60, and thus the contraction
of the resin in curing 1s suppressed. As a result, the residual
stress 1n the resin can be reduced.

In addition, 1n this embodiment, the surface of the bus bar
clectrode 20 may have uneven shape, and the projected
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portions may be in contact with the wiring member 40. This
contact between the portions of the bus bar electrode 20 and

the wiring member 40 can provide an excellent electrical
connection between the bus bar electrode 20 and the wiring
member 40.

In addition, the resin included in the adhesive layer
provided between the bus bar electrode 20 and the wiring
member 40 1s preferably the same resin as the resin material
used for the bus bar electrode 20. With such resin compo-
sition, the bonding compatibility between the bus bar elec-
trode 20 and the adhesive layer 1s improved, which further
strengthens adhesion.

(Method for Producing Solar Cell Module)

Next, a method for producing a solar cell module accord-
ing to this embodiment will be described.

First, a method for producing the photoelectric conversion
body 10 1s the same as a conventional method; accordingly,
description thereof will be omitted. Next, as shown in FIG.
3, the bus bar electrodes 20 and the finger electrodes 30 are
tormed on the photoelectric conversion body 10 by use of an
epoxy based thermosetting silver paste. Specifically, the
silver paste 1s screen-printed on a light-receiving surface of
the photoelectric conversion body 10, and then heated at
150° C. for 5 minutes to preliminarily cure the silver paste.
Next, that silver paste 1s screen-printed on a back surface
side of the photoelectric conversion body 10, and then
heated at 150° C. for 5 minutes to preliminarnly cure the
silver paste. Thereafter, the silver pastes are completely
cured by being heated at 200° C. for 1 hour. As a result, a
solar cell 1s produced.

Next, by using a dispenser, an epoxy resin containing
nickel particles at approximately 5% by volume 1s applied
on the bus bar electrode 20 1n a thickness of approximately
30 um and 1s applied so as to cover each side surface of the
bus bar electrode 20 at approximately 100 um, as shown in
FIG. 5

The resin 1s applied to the both surfaces of the light
receiving surface side and back surface side of each of the
plurality of solar cells. Thereaiter, wiring members 40 are
arranged on the applied resins, respectively. The wiring
members 40 on the light recerving surface side and the back
surface side are heated at 200° C. for 1 hour, while being
pressured toward the solar cell at approximately 2 MPa, to
form a string.

Next, a plurality of strings are electrically connected.
Thereaiter, a glass, a seal sheet, a plurality of strings, a seal
sheet, and a back-surface sheet are stacked 1n this order to
form a laminated body. Next, this laminated body 1s thermo
compression bonded at 150° C. for 10 minutes under a
vacuum atmosphere to perform preliminarily compression
bonding. Thereatfter, the laminated body 1s heated at 150° C.
for 1 hour to completely cure the sealing members. Then, a
terminal box and a metal frame are attached to the laminated
body to produce a solar cell module.

Note that, in the above description, an epoxy resin 1s
applied to the bus bar electrode 20, and the wiring member
40 1s arranged on the resin; however, a resin film including
the metal particles may be arranged on the bus bar electrode
20, and the wiring member 40 1s arranged on the resin film
to form the string.

Other Embodiments

Although the present invention has been described on the
basis of the atorementioned embodiment, it should not be
understood that the descriptions and drawings that constitute
parts of this disclosure limit the invention. Various alterna-
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tive embodiments, examples, and operation technologies
will be apparent to those skilled 1n the art from this disclo-
sure.

For example, the present invention, of course, 1s not
limited to the structure described in the above-described
embodiment, since the present invention 1s to solve a prob-
lem arising when a diflerence exists in linear expansion
coellicient between the base material of the photoelectric
conversion bodies 10 and the core material of wiring mem-
bers 40 for connecting the plurality of solar cells. For
example, the present mvention can be applied to the fol-
lowing case also. Specifically, a material having a relatively
low linear expansion coeflicient such as a S1 substrate made
of single crystal S1, polycrystalline S1 or the like, a stainless
substrate, or a glass substrate 1s used as the substrate of the
photoelectric conversion body 10. On the substrate, various
photoelectric conversion layers are formed by a method such
as a thermal diffusion method, a plasma CVD method, or the
like. On the photoelectric conversion body, an electricity
extraction mechanism 1s formed by use of a conductive
paste. On the conductive paste, a lead wire including a core
material which 1s a material having a relatively high linear
expansion coeflicient such as copper, silver, aluminum,
nickel, tin, gold, or alloy thereof 1s bonded. The present
invention can also be applied to a solar cell with such a
structure.

Hence, it 1s obvious that the present invention includes
vartous embodiments and the like not described herein.
Accordingly, the technical scope of the present invention
should only be defined by the claimed elements according to
the scope of claims reasonably understood from the above
description.

EXAMPLES

Hereinaftter, a thin-film solar cell module according to the
present invention will be specifically described by way of
Examples. The present invention, however, 1s not limited to
the following Example, and thus can be carried out by
making appropriate changes without departing from the
scope of the invention.

Example 1

As a solar cell according to Example 1 of the present
invention, a solar cell shown in FIG. 3, FIG. 4, and FIG. 6
was produced as follows. In the following production
method, the process will be divided into steps 1 to 4, and
described.

<Step 1> Producing Photoelectric Conversion Body

First, as shown 1n FIG. 3, an n type single crystal silicon
substrate 104 having a thickness of approximately 300 um
and an electrical resistivity of approximately 1 £2-cm was
prepared by cleaning the substrate to remove impurities.
Next, using a RF plasma CVD method, an 1 type amorphous
silicon layer 10c having a thickness of approximately 5 nm
and a p type amorphous silicon layer 105 having a thickness
of approximately 5 nm were formed on the top surface of the
n type single crystal silicon substrate 104 1n this order. Note
that specific conditions of the RF plasma CVD method for
forming the 1 type amorphous silicon layer 10¢ and the p
type amorphous silicon layer 106 were as follows: Fre-
quency: approximately 13.65 MHz; Forming Temperature:
approximately 100 to 250° C.; Reaction Pressure: approxi-
mately 26.6 to 80.0 Pa; and RF Power: approximately 10 to
100 W,
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Next, an 1 type amorphous silicon layer 10¢ having a
thickness of approximately 5 nm and an n type amorphous
silicon layer 10f having a thickness of approximately 5 nm
were formed on the bottom surface of the n type single
crystal silicon substrate 104 1n this order. Note that the 1 type
amorphous silicon layer 10e and the n type amorphous
silicon layer 10f were formed by the same processes as those
for the 1 type amorphous silicon layer 10¢ and the p type
amorphous silicon layer 105 described above.

Next, by use of a magnetron sputtering method, I'TO films
10a and 10g each having a thickness of approximately 100
nm were formed on the p type amorphous silicon layer 105
and the n type amorphous silicon layer 10f, respectively.
Specific conditions for forming the ITO films 104 and 10g
were as Iollows: Forming Temperature: approximately 50 to
250° C.; Ar Gas Flow Rate: approximately 200 sccm; O,
Gas Flow rate: approximately 350 sccm; Power: approxi-
mately 0.5 to 3 kW; Magnetic Field Strength: approximately
500 to 3000 Gauss.

<Step 2> Forming Collecting Electrode

By use of a screen printing method, an epoxy based
thermosetting silver paste was transierred on a predeter-
mined region of the transparent electrode film on the light
receiving surface side, and then heated at 150° C. for 35
minutes to be preliminarily cured. Thereatfter, the paste was
heated at 200° C. for one hour to be completely cured.
Accordingly, collecting electrodes each formed of a plurality
of finger electrodes 30 and bus bar electrodes 20 were
formed on the respective upper surtaces of the transparent
conductive layers as shown in FI1G. 4. The plurality of finger
clectrodes 30 were formed so as to extend 1n parallel with
cach other at a predetermined pitch. The bus bar electrodes
20 are to gather currents collected by the finger electrodes
30. Here, the bus bar electrodes 20 each had a width of
approximately 1.0 mm and a height of approximately 50 um.

<Step 3> Forming String

First, by using a dispenser, an epoxy based thermosetting,
nickel paste was applied on the bus bar electrodes 20.
Specifically, as shown 1 FIG. 10, the nickel paste was
applied on each bus bar electrode 20 1n a thickness of
approximately 30 um. At this time, the nickel paste was
applied so as to cover the outside of side surfaces of the bus
bar electrode 20 by approximately 100 um. At the same time,
the nickel paste was applied so as to cover a root portion of
the finger electrode 30 as shown in FIG. 11. Note that the
nickel paste used herein included nickel particles at a
volume fraction of approximately 5%.

The nickel paste was applied on both the light receiving
and back surface sides. Then, tin-plated copper foi1l having
a width of approximately 1.5 mm to serve as a wiring
member 40 was arranged on each bus bar electrode 20.
Subsequently, as shown 1 FIG. 12, the plurality of solar
cells were arranged so as to be connected to each other. Each
solar cell was sandwiched by heaters 80 from the top and
bottom of the solar cell. Thereatter, the solar cell was heated
at approximately 200° C. for one hour while pressured at 2
MPa. As a result, the nickel paste was cured, and a string was
formed. By curing and pressuring the nickel paste in this
manner, the nickel particles were sandwiched between the
tin-plated copper foil and the bus bar electrode 20. As a
result, an excellent electric conductivity was obtained. In
addition, the nickel paste was extended by pressure and
spread out to have the same width as that of the wiring
member 40. In addition, a structure as shown 1n FIG. 13 was
obtained with the nickel paste having a thickness of approxi-
mately 20 um covering the root portion of the finger elec-
trode 30 by a length of approximately 200 pum.
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<Step 4> Modularization

A sealing member made of an EVA sheet was arranged on
a front surface protection member made of a glass substrate.
Then, the plurality of solar cells connected by the wiring
members were arranged on the sealing member. Then,
another sealing member made of an EVA sheet 1s arranged
thereon, and a back surface protection member having a
three-layer structure of PET/aluminum foil/lPET was
arranged on the sealing member. This laminated body was
thermo compression bonded at 150° C. for 10 minutes 1n a
vacuum atmosphere to perform preliminarily compression
bonding. Thereafter, the laminated body was heated at 150°
C. for 1 hour to completely cure the sealing members. A
terminal box and a metal frame were attached to the lami-
nated body to produce a solar cell module according to
Example 1.

Comparative Example 1

As a solar cell according to Comparative Example 1, a
solar cell shown 1n FIG. 14 was produced as follows.

<Step 1> Photoelectric conversion bodies were formed by
the same method as that of Example 1.

<Step 2> Collecting electrodes were formed by use of the
same method as that of Example 1, in a way that each bus
bar electrode 20 had a width of approximately 1.5 mm.

<Step 3> In Comparative Example 1, each solar cell string
was formed 1n a way that each adhesive layer did not extend
beyond the bus bar electrode 20.

First, by using a dispenser, an epoxy based thermosetting,
nickel paste was applied on the bus bar electrodes 20.
Specifically, as shown in FIG. 15, the nickel paste was
applied on each bus bar electrode 20 1n a way that the nickel
paste had a width of approximately 1.2 mm and a thickness
of approximately 30 um. Note that the nickel paste used
herein included nickel particles at a volume fraction of
approximately 5%.

The nickel paste was applied on both the light receiving
and back surface sides. Then, tin-plated copper foil having
a width of approximately 1.5 mm to serve as a wiring
member 40 was arranged on each bus bar electrode 20.
Subsequently, as shown 1n FIG. 12, the plurality of solar
cells were arranged so as to be connected to each other. Each
solar cell was sandwiched by heaters 80 from the top and
bottom of the solar cell. Thereatter, the solar cell was heated
at approximately 200° C. for one hour while pressured at 2
MPa. As a result, the nickel paste was cured, and the string
was formed. By curing and pressuring the nickel paste 1n this
manner, the nickel particles were sandwiched between the
tin-plated copper foil and the bus bar electrode 20. As a
result, an excellent electric conductivity was obtained. In
addition, the nickel paste was extended by pressure and
spread out to have almost the same width as that of the
wiring member 40.

<Step 4> A solar cell module was produced by the same
method as that of Example 1.

Comparative Example 2

As a solar cell according to Comparative Example 2, a
solar cell with conventional solder-bonding was produced as
follows.

<Step 1> Photoelectric conversion bodies were formed by
the same method as that of Example 1.

<Step 2> Collecting electrodes were formed by use of the
same method as that of Example 1, in a way that each bus
bar electrode 20 had a width of approximately 1.5 mm.
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<Step 3> Copper foil plated with Sn—Ag—Cu solder
having a width of approximately 1.5 mm to serve as a wiring,
member 40 was arranged on each bus bar electrode 20. Next,
as shown in FIG. 12, the plurality of solar cells were
arranged so as to be connected to each other. Then, the bus
bar electrode 20 and the wiring member 40 were solder-

bonded to form a string.
<Step 4> A solar cell module was produced by the same

method as that of Example 1.

(Evaluation Method)

A temperature cycle test (JIS C8917) was conducted on
cach of the solar cell modules according to Example 1 and
Comparative Examples 1 and 2. Comparison of energy
output of solar cell module before and after the test, cross-
section observation of a wiring member connecting portion,
and comparison of light emission by an electroluminescence
method were conducted. According to this JIS standard,
durability 1s specified as an output change ratio after 200
cycles. However, 1 this time, a 400-cycle test was con-
ducted 1n order to evaluate longer-term durability. The
output of the solar cell module was measured under light
irradiation of AM1.5 and 100 mW/cm”.

As for the cross-section observation, a cross-section was
taken along a plane designated by the arrows shown 1n FIG.
16 and observed by SEM. Ten sites were observed for each
sample.

The electroluminescence method was carried out with
reference to “Characterization of Polycrystalline Silicon
Solar Cells by Electroluminescence (PVSEC-15, Shanghai,
China: October 2003.)” Specifically, a current of approxi-
mately 2 A was injected to each solar cell module, and
infrared emission at that time was observed by a CCD
camera. With this method, emission 1s weak 1n a region
where current 1s less likely to flow due to a high resistance
to the current or a region where a diffusion length of the
minor carriers 1s small. Thus, such a region appears as a dark
region.

(Experiment Results)

Table 1 shows normalized output reduction ratios
obtained by the temperature cycle test.

TABLE 1
Comparative Comparative
Example 1 Example 1 Example 2
Normalized output 0.40 0.90 1.00
reduction ratio
Bus bar cross- O X X
section SEM 1mage
EL emission O X X

Each output reduction ratio was calculated using the
following formula: (1-output after test/output before test)x
100(%), and normalized with the output reduction ratio i1n
Comparative Example 2 taken as 1.00. As shown 1n Table 1,
it 1s found out that the normalized output reduction ratio 1n
Example 1 1s smaller than those in Comparative Examples
1 and 2.

In addition, as a result of the cross-section SEM obser-
vation, no particular abnormalities were observed 1n the
samples before the temperature cycle test; however, cracks
as shown m FIG. 17 were observed in the samples of
Comparative Examples 1 and 2, after the temperature cycle
test. On the other hand, n Example 1, no crack was
observed. In Table 1, a sample with no observable crack 1s
represented by a “c” sign, and a sample with any observable
“X” s1gn.

crack 1s represented by a “x
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In addition, as a result of the observation of emission
according to the electroluminescence method, no particular
abnormalities were observed in the samples before the
temperature cycle test; however, dark regions as shown in
FIG. 18 were observed in the samples of Comparative
Examples 1 and 2, after the temperature cycle test. On the
other hand, in Example 1, such a dark region was not
observed even after the temperature cycle test. In Table 1, a
sample 1n which no dark region appeared 1s represented by
a “o” sign, and a sample 1 which any dark region appeared
1s represented by a “x” sign.

(Observation)

In Comparative Examples 1 and 2, a crack was observed
in the bus bar electrode 20 after the temperature cycle test.
Further, in Comparative Examples 1 and 2, a dark region
was observed 1n the emission test according to the electrolu-
minescence method after the temperature cycle test. The
dark regions as shown 1n a portion A of FIG. 18 appearing
along the finger electrodes 30 presumably means that emis-
s10n according to the electroluminescence method was weak
since a circuit was broken at a root portion of each finger
clectrode 30 (1.e., at a connecting portion to the correspond-
ing bus bar eclectrode), making 1t diflicult for a current to
flow from the root of the finger electrode 30 to the tip end
thereof. Meanwhile, the dark regions as shown 1n a portion
B appearing along the bus bar electrode 20 were presumably
due to the crack in the bus bar electrode 20 also observed by
the cross-section SEM. Such a crack was presumably
formed because of damage accumulated 1in the bus bar
clectrode located between the wiring member and the silicon
substrate having linear expansion coeflicients greatly difler-
ent from each other, as a result of repetition of the tempera-
ture cycle test. In other words, as a result of the temperature
cycle test, the two kinds of damage described above were
caused 1n the collecting celectrodes of Comparative
Examples 1 and 2. Such damage 1n the collecting electrode
presumably caused reduction in output.

On the other hand, in Example 1, neither cracks in the bus
bar electrode 20 nor dark regions according to the electrolu-
minescence method were observed. In addition, in Example
1, output reduction due to the temperature cycle test was
greatly diminished. In other words, in Example 1, since each
bus bar electrode 20 was covered with a resin region and
thus reinforced, cracks in the bus bar electrode 20 to be
caused by the temperature cycle were suppressed. In addi-
tion, 1n Example 1, since the root portion of each of the
finger electrodes 30 was covered with the resin region,
breaking of circuit 1n the root portion of the finger electrode
caused by the temperature cycle was suppressed. Presum-
ably because of the suppression, the output reduction due to
the temperature cycle test was greatly dimimished.
(Experiment on Density of Conductive Particles)

Next, eflects of change in the amount of the conductive
particles were 1investigated.

Samples among which kinds of conductive particles and
densities of the conductive particles 1n the resin region were
varted were produced by the same method as that in
Example 1 described above.

Two kinds, silver and nickel, of conductive particles were
prepared. The average diameters of these kinds of conduc-
tive particles were 10 um. Particle amounts 1n the resin were
adjusted within a volume fraction range from 0 to 50%. If
the volume {fraction of particles exceeds 50%, adhesion
performance of the resin 1s remarkably decreased. Thus, the
volume fraction was set within a range from O to 50%.

Each of the solar cell modules produced as described
above was subjected to the temperature cycle test (JIS
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(C8917) to measure energy outputs of the solar cell module
before and after the test. Then, the output reduction ratios
were compared. The outputs of the solar cell module were
measured under light irradiation of AMI1.5 and 100

mW/cm”.
(Experiment Results and Observation)

In FIG. 19, the horizontal axis represents the area per-
centage of the conductive particles observed by cross-
section SEM of the resin component. Meanwhile, the ver-
tical axis represents the normalized output reduction ratio.
Each area percentage of the conductive particles was cal-
culated as a percentage of the section of the conductive
particles occupying in a region (portion X in FIG. 6) outside
the side surface of the bus bar electrode, the section being
observed by the cross-section SEM. The output reduction
ratios were calculated using the following formula: (1-out-
put after test/output before test)x100(%), and normalized
with the output reduction ratio 1n Comparative Example 2

taken as 1.00.

As shown 1 FIG. 19, when the particle area percentages
in the resin region were 30% or more, the normalized output
reduction ratios obtained due to the temperature cycle was
the same as that in Comparative Example 2. On the other
hand, when the particle area percentages 1n the resin region
were 25% or less, 1t 1s found out that the normalized output
reduction ratios due to temperature cycle are smaller than
that in Comparative Example 2. This 1s presumably because,
when the particle area percentage 1n the resin region 1s 30%
or more, bulk bonding force 1s relatively low as similar to a
bus bar electrode region 1n which conductive particles are
densely present, and thus a crack 1s likely to be formed by
stress due to the temperature cycle. Presumably because the
bus bar electrodes were coated with such a resin having a
strong bonding force, a reinforcing eflect on the bus bar
clectrode was obtained.

In addition, it 1s understood that, within a range where the
particle area percentage in the resin region 1s 3 to 20%, the
ellect to suppress output reduction due to the temperature
cycle was further increased. This 1s presumably because,
when the particle area percentage 1n the resin region 1s large
(25% or more), the bulk bonding force 1s weak as described
above, and thus a crack 1s likely to be formed by stress due
to the temperature cycle. Presumably, as a result of this,
tendency to cause output reduction due to the temperature
cycle test was observed. On the other hand, when the particle
area percentage in the resin region 1s small (0%), contraction
stress generated in curing 1s great, and thus peeling at the
interface between the resin and the wiring member or the
photoelectric conversion body 1s presumably likely to occur.
Presumably, as a result of this, tendency to cause output
reduction due to the temperature cycle test 1s observed. In
other words, by moderately containing the particles 1n the
resin, bonds between the molecules 1n the resin can be
interrupted, and thus the internal stress present 1n the resin
can be reduced. As a result, peeling at the interface between
the resin region and the photoelectric conversion body or the
interface between the resin region and the wiring member
can be suppressed. As described above, the solar cell module
with a further excellent durability against temperature cycles
can be obtained.

Note that the entire content of Japanese Patent Applica-
tion No. 2006-265871 (filed on Sep. 28, 2006) 1s 1ncorpo-

rated herein by reference.

INDUSTRIAL APPLICABILITY

As has described above, a solar cell module according to
the present imnvention can achieve an improved reliability by
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suppressing the reduction in the module output. Therefore,
the solar cell module 1s usetul in solar power generation.

The mvention claimed 1s:

1. A solar cell module, comprising:

a solar cell including:

a semiconductor photo-electric conversion body having
a light incident surface and a back surface opposite
to the light incident surface;

a front bus bar electrode disposed on the light incident
surface and extending in a first direction, wherein the
front bus bar electrode 1s continuous throughout 1ts
entire length; and

a plurality of finger electrodes disposed on the light
incident surface and extending from the front bus bar
clectrode 1n a second direction crossing the first
direction; and

a wiring member disposed over the front bus bar electrode

and extending 1n the first direction; and

an adhesive layer bonding and fixing the wiring member

to the front bus bar electrode and bonding and fixing the

wiring member to the light incident surface, wherein:
the adhesive layer 1s provided as a distinct element from
the wiring member and the front bus bar electrode,
the adhesive layer includes a resin and a plurality of
conductive particles,

the adhesive layer 1s disposed between an upper surface of

the front bus bar electrode and a bottom surface of the

wiring member,

in a cross section, along the second direction, of the front

bus bar eclectrode between two adjacent finger elec-
trodes, the adhesive layer 1s 1n direct contact with the
bottom surface of the wiring member, side surfaces of
the front bus bar clectrode and the light incident
surface, and

the wiring member 1s electrically connected to the front

bus bar electrode by the plurality of conductive par-

ticles.

2. The solar cell module of claim 1, wherein, 1n the cross
section of the front bus bar electrode between two adjacent
finger electrodes, the adhesive layer completely fills an area
between the wiring member and the light incident surface
except for the front bus bar electrode.

3. The solar cell module of claim 1, wherein at least one
of the plurality of conductive particles 1s 1n direct contact
with the bottom surface of the wiring member and the upper
surtace of the front bus bar electrode.

4. The solar cell module of claim 3, wherein at least one
of the plurality of conductive particles disposed 1n an area
between the wiring member and the light incident surface
except for the front bus bar electrode 1s fully covered by the
resin.

5. The solar cell module of claim 1, wherein:

the light incident surface includes an I'TO layer, and

the adhesive layer adheres to the ITO layer.

6. The solar cell module of claim 1, wherein, 1n a cross
section, along the second direction, of the front bus bar
clectrode and one of the plurality of finger electrodes,

the adhesive layer 1s disposed between an upper surface of

the one of the plurality of finger electrodes and the

bottom surface of the wiring member, and

the adhesive layer adheres to the bottom surface of the

wiring member and the upper surface of the one of the

plurality of finger electrodes.

7. The solar cell module of claim 6, wherein at least one
of the plurality of conductive particles 1s i direct contact
with the bottom surface of the wiring member and the upper
surface of the front bus bar electrode.
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8. The solar cell module of claim 7, wherein at least one
of the plurality of conductive particles 1s 1n direct contact
with the bottom surface of the wiring member and the upper
surface of the one of the plurality of finger electrodes.

9. The solar cell module of claim 1, wherein the wiring
member and the solar cell are electrically connected only via
the plurality of conductive particles, the front bus bar
clectrode and the plurality of finger electrodes.

10. The solar cell module of claim 1, wherein:

the upper surface of the front bus bar electrode has

projected portions, and

at least one of the projected portions directly contacts the

bottom surface of the wiring member.
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